Introduction
Ski was originally identified as the oncoprotein from the avian Sloan Kettering retroviruses (Stavnezer et al., 1981) . Analyses of human tumors have accumulated evidence that Ski is overexpressed in certain types of tumors such as leukemias, melanomas and esophageal carcinomas (Reed et al., 2001; Fukuchi et al., 2004; Kronenwett et al., 2005; Ritter et al., 2006) . Ski has been also shown to influence the growth and differentiation of hematopoietic cells (Larsen et al., 1992 (Larsen et al., , 1993 Beug et al., 1995; Dahl et al., 1998) . These previous studies demonstrated that Ski could transform hematopoietic multipotent progenitors and cause highly malignant leukemia. In addition, Ski induces immortalization of primary multipotential progenitor cells from avian bone marrow. In all cases, it appears that Ski is acting by blocking or delaying the ability of the cells to differentiate into mature hematopoietic cells. Such effects of Ski exhibit a very high degree of specificity for particular hematopoietic lineages and their stage of differentiation. However, the molecular mechanisms underlying this Ski-mediated block of differentiation are not well understood.
Ski has been shown to be involved in certain distinct signaling pathways including nuclear receptors (Dahl et al., 1998; Nomura et al., 1999; Ueki and Hayman, 2003b; Ritter et al., 2006) , transforming growth factor-b (TGF-b) (Akiyoshi et al., 1999; Luo et al., 1999; Sun et al., 1999; Xu et al., 2000; Ueki and Hayman, 2003a) and tumor suppressors Tokitou et al., 1999; Khan et al., 2001) where Ski can act as a transcriptional corepressor. This is in part due to its direct and indirect interactions with histone deacetylase (HDAC) complexes including nuclear receptor-corepressor/silencing mediator for retinoid and thyroid hormone receptors (N-CoR/SMRT) and Sin3A corepressors Jepsen and Rosenfeld, 2002) . Ski has been proposed to recruit such corepressor complexes to certain DNA-binding proteins Liu et al., 2001 ). In addition, we recently identified GATA1, a lineage-specific transcription factor essential for erythropoiesis (Ohneda and Yamamoto, 2002) , as a target of Ski (Ueki et al., 2004) . The mechanism by which Ski blocks GATA1 function is unique, as Ski prevents GATA1 DNA binding. These divergent roles of Ski are thought to reflect Ski's ability to associate with multiple protein partners that have disparate functions. Little is known, however, about interaction partners or signaling pathways involved in the Ski-mediated block of differentiation in the different hematopoietic cells.
Previous studies identified a point mutation in Ski (L110P) which severely affects its interaction with N-CoR, Smad2/3 and GATA1, but not with Sin3A, Smad4, retinoic acid receptor and vitamin D receptor (Ueki and Hayman, 2003a, b; Ueki et al., 2004; Ritter et al., 2006) . This mutation substantially affects the repression activity of Ski on nuclear receptors and GATA1 but not TGF-b signaling. We have been using this mutant form of Ski as a molecular tool to investigate the mechanisms of Ski-mediated transcriptional repression.
We previously reported that Ski regulates GATA1 function (Ueki et al., 2004) . Since GATA1 and PU.1, a myeloid-and B-cell-specific E26 transformation-specific (ETS) transcription factor (Dahl and Simon, 2003) , are known to antagonize each other's activity for specification of the hematopoietic cell system (Rekhtman et al., 1999; Zhang et al., 2000) , we investigated the possibility of a functional link between Ski and PU.1. In this report, we show that Ski blocks PU.1-induced transcriptional activation by mediating interaction between PU.1 and HDAC3. Using a human myeloid cell line U937 as a model system, we were able to show PU.1 as a novel target of Ski. Our results provide a possible mechanism by which Ski contributes to myeloid leukemia through antagonizing PU.1 function.
Results

Ski inhibits PU.1-mediated transcription in an HDAC-dependent manner
We previously reported that Ski regulates GATA1 function by interfering with its DNA binding (Ueki et al., 2004) . Since GATA1 and PU.1 are known to antagonize each other's activity for specification of the hematopoietic cell system (Rekhtman et al., 1999; Zhang et al., 2000) , we investigated the possibility of a functional link between Ski and PU.1. Transient transfection of PU.1 in QT6 cells resulted in strong activation of luciferase reporter construct containing multimerized PU.1-binding sites (Figure 1a) . Notably, co-transfection of wild-type Ski (wt-Ski) revealed a significant repressive effect on the PU.1-dependent transcription (Figure 1a, left) . In contrast, co-transfection of a point mutant of Ski (L110P), mutant Ski (mt-Ski) that does not interact with PU.1 (Figure 2a) , had practically no effect compared to that of wt-Ski (Figure 1a, right) . This Ski-mediated transcriptional repression was increased in a dose-dependent manner by wt-Ski, while mt-Ski never gave rise to repression (Figure 1a) . Similar results were also obtained from another luciferase reporter construct containing a promoter sequence from the human macrophage colonystimulating factor receptor (M-CSFR) gene (Figure 1b) .
Ski can repress certain transcription factors through distinct mechanisms such as recruitment of corepressor complexes and interference of DNA binding. To investigate the mechanism of Ski-mediated repression on PU.1 activity, we examined if Ski affects the PU.1-dependent transactivation when PU.1 is tethered to DNA by a heterologous DNA-binding domain. Fulllength PU.1 was fused to the GAL4 DNA-binding domain and co-transfected with a luciferase reporter construct regulated by five upstream GAL4-binding sites. The GAL4-PU.1 fusion protein transactivated the reporter over eightfold above the activity induced by the GAL4 DNA-binding domain alone (Figure 1c, vector) . Similar to the results shown above, wt-Ski efficiently inhibited the ability of GAL4-PU.1 fusion protein to transactivate this reporter (Figure 1c , wt-Ski). Again, mt-Ski showed significantly reduced effect compared to that by wt-Ski (Figure 1c , mt-Ski). Ski was able to repress the activity of the GAL4-PU.1 fusion protein that binds DNA independently of the PU.1 DNAbinding domain. This would indicate that Ski's ability to block PU.1 activity does not involve interference with PU.1's DNA binding. Consistent with this interpretation, Ski did not prevent PU.1 DNA binding in electrophoretic mobility shift assay (data not shown).
Ski was shown to form repressor complexes including Sin3A-HDAC1 and N-CoR/SMRT . To test if the Ski-mediated repression of PU.1 activity is HDAC-dependent, we used trichostatin A (TSA) as an inhibitor of HDACs (Figure 1d ). Interestingly, the repression activity by Ski was significantly reverted by the addition of TSA (Figure 1d , TSA, wtSki). This result would suggest that the repression of PU.1 by Ski is at least in part HDAC dependent.
To identify which HDAC is responsible for the Ski's ability to repress PU.1-dependent transcription, we performed a similar luciferase reporter assays using short-hairpin RNA constructs to knockdown either HDAC1 or HDAC3 (Figure 1e ). While knocking-down of HDAC1 had no effect (Figure 1e , left, wt-Ski), HDAC3 knockdown significantly reversed the Ski's repression activity on PU.1 (Figure 1e , right, wt-Ski). These results strongly suggest that HDAC3 is required for the repression of PU.1 activity by Ski.
Ski forms a complex including PU.1 and HDAC3
Ski can act as a transcriptional corepressor by directly interacting with several transcription factors. To determine if Ski's ability to inhibit PU.1 activity is mediated by protein-protein interaction, co-immunoprecipitation assays were performed using COS-1 cell lysates expressing Ski (wt or mt-Ski) and PU.1. wt-Ski clearly bound to PU.1, whereas the mt-Ski was defective to interact with PU.1 (Figure 2a , lanes 3 and 6, respectively). These results indicate that Ski can interact with PU.1 and that the L110P mutation significantly impairs Ski's ability to associate with PU.1.
Having shown that repression of PU.1 activity by Ski is dependent on PU.1-Ski interaction and HDAC activity, we hypothesized a model whereby Ski recruits a HDAC complex to PU.1 leading to transcriptional repression. Since our results described above suggested a link between Ski and HDAC3, we speculated that the complex might associate with PU.1. To test if HDAC3 is recruited to PU.1 through interaction with Ski, we performed immunoprecipitation assays using COS-1 cell lysates expressing HDAC3 alone, HDAC3 plus PU.1, HDAC3, PU.1 plus wt-Ski, or HDAC3, PU.1 plus mt-Ski (Figure 2b ). In the absence of wt-Ski, PU.1 was undetectable when the complex was immunoprecipitated by Next, to extend this analysis and confirm if Ski, PU.1 and HDAC3 form a complex in a physiological context, similar co-immunoprecipitation assays were performed using lysates from the myeloid cell line U937. Consistent with the results above, endogenous PU.1 and HDAC3 could be detected in the endogenous Ski immune complex (Figure 2c , PU.1 and HDAC3, respectively). In favor of our model, these results indicate that Ski can form a complex with HDAC3 and PU.1 through its specific interactions with these two proteins. To further verify if Ski-PU.1 interaction is direct, co-purification assays were performed using bacterially co-expressed GST-Ski (22-186) and PU.1 (Figure 2d ). PU.1 clearly bound to (Figure 2d , left, lane 2), strongly supporting the notion that Ski-PU.1 interaction is direct.
Ski blocks morphological change of U937 cells macrophage differentiation induced by TPA We next investigated if Ski can affect PU.1's biological activity. PU.1 is required for the expression of genes Figure 1 PU.1-mediated transactivation is significantly repressed by Ski. (a) QT6 cells were transfected with PU Â 3-TK81-Luc luciferase reporter construct (50 ng/well), together with (black bars) or without (white bars) PU.1 (100 ng/well) plus various amounts (ng/well) of effector plasmid (wt, wt-Ski or mt, mt-Ski). RLU, relative luciferase units. (b) Transfection was carried out as described in (a) using pGL3-M-CSFR-Luc luciferase reporter construct and each effector plasmid (50 ng/well). (c) QT6 cells were transfected with a reporter construct containing five multimerized GAL4-binding sites upstream of luciferase gene (pFR-Luc, 50 ng/well), together with 100 ng/well of expression plasmid pM (GAL4 DNA-binding domain only (white bars)) or pM-PU.1 (GAL4-PU.1 fusion protein (black bars)) plus 200 ng/well of effector plasmid (vector, wt-Ski or mt-Ski). (d) Transfection was carried out as described in (a) using 50 ng/ well of each effector plasmid in the absence (vehicle) or presence (TSA) of 100 nM TSA. (e) HEK293 cells were transfected as described in (a) using 50 ng/well of each effector plasmid and 250 ng/well of pKD-HDAC1-v4 (shHDAC1) or pKD-HDAC3-v1 (shHDAC3). TSA, trichostatin A; HDAC, histone deacetylase.
Ski can block PU.1 function N Ueki et al associated with terminal myeloid differentiation (Simon et al., 1996) . Several proteins including C/EBPa (Reddy et al., 2002) and AML1-ETO (Vangala et al., 2003) have been shown to block this late-stage macrophage differentiation by inactivating PU.1 function. Treatment of the myeloid cell line U937 with the macrophage differentiating agent 12-O-tetradecanoylphorbol-13-acetate (TPA) have been reported to induce the expression of a number of macrophage-specific genes, including M-CSFR , in a PU.1-dependent manner. U937 cells retrovirally infected with empty vector, wtSki and mt-Ski were established. Upon TPA treatment, the vector control cells differentiated into macrophages showing the typical morphological changes such as an expanded highly vacuolated cytoplasm (Figure 3a, vector) . In contrast, wt-Ski expression substantially reduced the number of cells with this more differentiated macrophage morphology (Figure 3a , wt-Ski). However, mt-Ski-expressing cells showed the morphological changes similar to those of the vector control (Figure 3a , mt-Ski). The inhibitory effect of wt-Ski on macrophage differentiation of U937 cells were also analysed by reverse transcription-polymerase chain reaction (RT-PCR) to monitor induction of typical differentiation markers such as M-CSFR and CD11b, both of which are primarily dependent on PU.1. Consistent with the block of morphological changes observed in wt-Ski-expressing cells, the levels of M-CSFR and CD11b were clearly downregulated by wtSki (Figure 3b ). These results indicate that wt-Ski can block macrophage differentiation of U937 cells by TPA.
Ski overexpression antagonizes PU.1-dependent M-CSFR upregulation induced by TPA Transcription of M-CSFR is regulated by PU.1 via binding to PU.1 consensus sites of the gene (Zhang et al., 1994) . Therefore, we checked the level of endogenous M-CSFR protein expression during the differentiation process induced by TPA (Figure 4a) . Consistent with the morphological changes and RT- were co-purified using Glutathione Sepharose followed by WB with anti-PU.1 (T-21) antibody (left panels). Input, 10% of the total extract applied for the co-purification. GST and GST-Ski (22-186) proteins (total extract, lanes 1, 3; purified, lanes 2, 4) were detected by CBB staining (right panel). HDAC, histone deacetylase; CBB, Coomassie Brilliant Blue.
Ski can block PU.1 function N Ueki et al PCR analysis, M-CSFR level was highly upregulated in the vector control cells (Figure 4a, lane 4) . In contrast, wt-Ski expression substantially reduced M-CSFR production (Figure 4a, lane 5) . Again, mt-Ski-expressing cells produced M-CSFR at a similar level to the vector control (Figure 4a, lane 6) . We also monitored the levels of Ski and PU.1 expression during the differentiation process. The levels of both endogenous and exogenous Ski protein appeared to be downregulated following addition of TPA; however, both retrovirally transduced wt-Ski and mt-Ski are still expressed in the cells (Figure 4a , lanes 5 and 6, Ski). The level of endogenous Ski protein was significantly lower in the vector control cells induced to differentiate (Figure 4a , lane 4, Ski). Despite a greater expression level than that of wt-Ski, mt-Ski was defective in its ability to repress M-CSFR production. In contrast, the levels of endogenous PU.1 protein were upregulated in all cells followed by TPA treatment (Figure 4a , PU.1), being even higher in wtSki-expressing cells than that in the vector control, thus excluding the possibility that wt-Ski reduces PU.1 protein expression and thereby inhibits PU.1 function. Taken together, these results indicate that Ski blocks TPA-induced macrophage differentiation of U937 cells through repression of PU.1 function, and the L110P mutation practically eliminates Ski's inhibitory activity. The data also indicate that Ski is normally downregulated during TPA-induced macrophage differentiation of U937 cells and repression of PU.1 function by sustained Ski expression counteracts this differentiation. The interaction between endogenous PU.1 and exogenously expressed Ski in TPA-treated U937 cells was confirmed by immunoprecipitation assay (Figure 4b) , consistent with the notion that Ski directly affects PU.1 function in these cells.
Ski recruits HDAC3 to the M-CSFR promoter occupied by PU.1 in living cells
To assess if Ski can recruit HDAC3 to PU.1 bound to DNA in living cells, we performed a chromatin immunoprecipitation (ChIP) assay using the U937 cells expressing either vector control or Ski. We monitored the recruitment of PU.1, HDAC3 and Ski to the M-CSFR promoter region which contains a potential PU.1-binding element (Figure 5a ). PU.1 specifically 
Discussion
In this study, we demonstrated that Ski blocks PU.1-induced transcriptional activation by mediating interaction between PU.1 and HDAC3. The results reported here propose a mechanism by which Ski antagonizes the action of PU.1 (Figure 5b ). By associating with PU.1 on DNA, Ski recruits HDAC3 to PU.1-occupied promoters, thereby blocking PU.1-mediated transcriptional activation and consequently its ability to promote U937 cells to differentiate into M-CSFR-positive macrophages. This mechanism of repression by Ski is distinct from that of Ski-mediated inhibition of GATA1 where Ski prevents GATA1 DNA binding. PU.1 is essential for proper development of the hematopoietic cell system (Scott et al., 1994; McKercher et al., 1996) . PU.1-deficient mice lack mature myeloid cells. Aberrant expression of PU.1 (overexpression and graded reduction) significantly affects the hematopoietic lineage fate decisions and can promote erythroleukemia and myeloid leukemia in mice (Moreau-Gachelin et al., 1996; Rosenbauer et al., 2004; Metcalf et al., 2006) . Given that Ski can strongly influence the biological role of PU.1, Ski might also be involved in the cell fate determination and leukemogenesis. Recently, we and others reported that Ski expression is highly upregulated in bone marrow samples from patients with monosomy 7 or deletion 7q acute myeloid leukemia (AML) and CD34 þ cells from patients with chronic myelogenous leukemia (CML) (Kronenwett et al., 2005; Ritter et al., 2006) . The effect of Ski on PU.1 might render Ski a more potent inhibitor of cell differentiation in cooperation with its known repression activity in retinoic acid signaling in myeloid cells (Dahl et al., 1998; Ritter et al., 2006) .
Certain lineage-specific transcription factors such as PU.1, GATA1 and C/EBPa can antagonize each other's activity (Rekhtman et al., 1999; Zhang et al., 1999 Zhang et al., , 2000 Reddy et al., 2002) . Most importantly, graded changes in each factor's concentration could result in committing a hematopoietic progenitor cell fate (Dahl and Simon, 2003; Rosenbauer et al., 2004) . Our findings have supported general important roles of Ski in the hematopoietic cell system by inhibiting the function of critical transcription factors including PU.1 and GATA1. It is possible that Ski contributes to the fine tuning of these lineage-determining factors for proper hematopoiesis and its aberrant expression results in malignant transformation in leukemia.
Recently, Suzuki et al. (2003) reported that MeCP2-mediated transcriptional repression of PU.1 involves Sin3A and HDAC1 in a TSA-sensitive manner. Since mt-Ski which can bind to Sin3A (Ueki and Hayman, 2003b) was defective in PU.1 repression, the repression by Ski seems to be Sin3A independent. However, it is still not clear whether Ski-mediated repression of PU.1 involves these repressor complexes or distinct complexes including N-CoR and HDAC3.
Our results show that Ski regulates transcriptional activator function of PU.1 by recruiting a HDAC3 complex through its interaction with PU.1, leading to a block in the myeloid differentiation program. These findings, along with previously reported data, contribute to our understanding of how Ski acts in the normal hematopoietic cell system and malignant transformation in leukemia.
Materials and methods
Tissue culture, transfection and plasmids QT6, COS-1, HEK293 and U937 cells were maintained in Dullbecco's modified Eagle's medium or RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum, penicillin G (100 U/ml) and streptomycin (100 mg/ml). For QT6 cells, medium was additionally supplemented with 1% chicken serum (Sigma, St Louis, MO, USA). Expression plasmids were introduced into the cells by using FuGENE 6 as described by the manufacturer (Roche Applied Science, Indianapolis, IN, USA). Retrovirally transduced U937 cells expressing vector control, wild-type Ski (wt-Ski) and mutant (mt-Ski) were established and maintained in the presence of blasticidin (5 mg/ml, ICN, Aurora, OH, USA) as described previously (Ueki and Hayman, 2003b) . For macrophage differentiation, U937 cells were treated with vehicle (ethanol) or TPA (16 nM, Sigma) for 48 h followed by cytospin and Diff-Quik staining (Dade Behring, Deerfield, IL, USA). Myc-PU.1 and pM-PU.1 were constructed by inserting human PU.1 cDNA fragment amplified by PCR using primer pair Luciferase reporter assays QT6 or HEK293 cells on 24-well plates were transfected with PUx3-TK81-Luc (Ano et al., 2004) , pFR-Luc (Stratagene, La Jolla, CA, USA) or pGL3-M-CSFR-Luc (Dahl et al., 2007) luciferase reporter construct (50 ng/well), together with effector plasmids (DEB-PU.1 (Ano et al., 2004) , pCMV-T7-wtcSki, pCMV-T7-mt-cSki, pM or pM-PU.1) as indicated in the figure legend. The total amount of transfected DNA was equalized with pEGFP-C1 (vector, Clontech). Luciferase activity was measured 24 h after transfection according to the manufacture's instructions (Promega, Madison, WI, USA) and normalized to the total protein amount. When indicated, TSA (100 nM) was added to the medium 6 h after transfection. For short-hairpin RNA interference against HDAC1 or HDAC3, pKD-HDAC1-v4 or pKD-HDAC3-v1 (Upstate, Charlottesville, VA, USA) was pre-introduced into HEK293 cells 24 h before the luciferase reporter and effector plasmids transfection. The data are presented as means7standard deviations of duplicated assays as representatives of at least three independent experiments.
Immunoprecipitations and western blotting Cells were lysed in Nonidet P-40 buffer (50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 5 mM ethylenediaminetetraacetate (EDTA), 0.5% Nonidet P-40 and 10% glycerol) containing phosphatase and protease inhibitors. After sonication and clarification, extracts were precleared with protein G-Sepharose (GE Healthcare, Piscataway, NJ, USA) for 1 h at 41C on a rotating wheel. Protein complexes were incubated with appropriate antibodies or normal mouse immunoglobulin G (IgG, Santa Cruz Biotechnology, Santa Cruz, CA, USA). Immunocomplexes were recovered using protein G-Sepharose for 8 h at 41C on a rotating wheel, followed by washing four times with Nonidet P-40 buffer. Recovered proteins were separated on sodium dodecyl sulfate-polyacrylamide electrophoresis (SDS-PAGE) gels and transferred onto nitrocellulose membranes (Protoran, Schleicher & Schu¨ll, Keene, NH, USA). Antibodies used for immunoprecipitation and western blotting were anti-T7 (Novagen, Madison, WI, USA), antiMyc (9E10, Santa Cruz Biotechnology), anti-PU.1 (T-21, Santa Cruz Biotechnology), anti-PU.1 (9G7, Cell Signaling Technology, Danvers, MA, USA), anti-M-CSFR (C-20, Santa Cruz Biotechnology), anti-Ski (G8, Cascade Bioscience, Winchester, MA, USA), anti-Ski (H-329, Santa Cruz Biotechnology), anti-HDAC3 (3G6, Upstate) and antia-Tubulin (Sigma). Proteins were detected with the appropriate secondary antibodies by chemiluminescence (ECL kit, GE Healthcare).
GST-fusion protein-binding assays PU.1 cDNA was introduced into a modified pET-28a( þ ) vector utilizing P15A replication origin to allow co-expression of His-tagged PU.1 and GST (pGEX-KG) or GST-Ski (pGEX-Ski-22-186) in the same bacteria. His-tagged PU.1 and GST or GST-Ski were co-expressed in DH5a host strain and purified as described (Dahl et al., 1998) . For each copurification, bacterial lysate containing 1 mg of GST fusion protein was applied to Glutathione Sepharose 4B (GE Healthcare), washed extensively in phosphate-buffered saline (PBS) containing 0.5% Triton X-100. Purified proteins were eluted in SDS sample buffer, separated by SDS-PAGE, and either stained with Coomassie Brilliant Blue (CBB) or transferred onto a nitrocellulose membranes followed by western blotting.
RT-PCR
Total RNA was isolated by using the RNeasy minikit (Qiagen, Valencia, CA, USA). cDNA was synthesized with ThermoScript reverse transcriptase (Invitrogen) by using oligo(dT) primer. The PCR conditions were as follows: 951C for 3 min and 32 cycles of 30 s at 941C, 30 s at 601C and 40 s at 721C, followed by an extension time of 5 min at 721C. The primer pairs used were as follows: human M-CSFR gene, 5 0 -CGG TGC AGA GCC TGC TGA CTG T-3 0 and 5 0 -ACA GGC TCC CAG AAG GTT GAC G -3 0 ; human CD11b gene, 5 0 -AGT GAG AAA TCC CGC CAA GAG C-3 0 and 5 0 -GTC AGG TCT ACC AGT CCA TCC A-3 0 and b-actin gene, 5 0 -CCA GGC TGT GCT ATC CCT GTA-3 0 and 5 0 -TGA TCT CCT TCT GCA TCC TGT C-3 0 . The PCR products were separated by 2% agarose gel electrophoresis and visualized by ethidium bromide staining.
ChIP assays
Preparation of crosslinked chromatin (2 Â 10 7 U937 cells induced by 16 nM TPA for 24 h followed by 0.4% formaldehyde treatment for 10 min at room temperature), sonication to 300-800 base pairs fragments and immunoprecipitation were performed as described in the protocol (ChIP assay kit, Upstate). Antibodies used were as follows: anti-PU.1 (T-21), anti-HDAC3, anti-T7 and normal rabbit/mouse IgG cocktail (1:1, Santa Cruz Biotechnology). The DNA samples associated with immunocomplexes were isolated and used as templates for the PCR. The PCR condition was 951C for 3 min and 36 cycles of 30 s at 941C, 30 s at 521C and 30 s at 721C, followed by an extension time of 5 min at 721C. The primer pair used were 5 0 -CCT TGA AGA TGG CTT TAG AAG G-3 0 and 5 0 -GAG CTC TCA GCT ACT AGC TCC G-3 0 , yielding a 281 base pairs fragment of M-CSFR promoter (Zhang et al., 1994) . The PCR products were separated by 2% agarose gel electrophoresis and visualized by ethidium bromide staining.
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